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FIGURE 5A NUCLEOTIDE SEQUENCE FOR Y. PESTIS BLAST PHYTASE (SEQ ID 
NO:l) 

ATGTCAGTATTAGAAAATCGTGTACGGCTATCTGGGCTGGTATTGATGCTAAGCGGA 

TTGGCTGCTATTACTGCGCCGGTAGCCGCCGAGCCATCGGGCTATACTTTAGAACGT 

GTGGTTATTTTGAGTCGCCATGGTGTTCGCTCGCCGACCAAACAAACGCAGCTTATG 

AATGATGTTACGCCAGATAAGTGGCCACAATGGCCGGTAAAAGCGGGGTATTTAAC 

GCCACGTGGTGCGGAGTTGGTCACATTGATGGGGGGGTTTTATGGTGATTACTTTCG 

CAGCCTTGGTTTGTTAGCGGCGGGATGTCCGGCAGAGGGGGGGGTATATGCACAGG 

CAGATATCGATCAACGTACCCGCTTAACCGGACAGGCATTTCTTGATGGTGTGGCTC 

CGGGGTGTGGTTTGACCGTGCATAATCAGGCCGATTTGAAAAAGACCGATCCCCTGT 

TCCATCCGGTAGAGGNTGGCGTGTGTAAGTTANACGNNGCACAAACAGATAAAGCG 

ATTGAAGAACANTTGGGCGGGCCGTTAGATACGGTGAGCCAGCGCTACGCTAAACC 

TTTTGCCCAGATGGGGGACGTGCTGAATTTTGCGGCTTCTCCTTATTGCAAATCTTTG 

CAACAGCAAGGAAAAACGTGTGATTTTGCCCACTTTGCGGCCAATGAAGTTAACGTT 

AATAAAGAAGGGACAAAAGTGACCCTCAGTGGGCCACTGGCGTTATCATCGACATT 

GGGTGAAATCTTCTTATTACAAAACGCACAAGCCATGCCAGAGGTTGCCTGGCAAC 

GGCTAAAAGGGGCGGAGAATTGGGTATCCTTATTGTCATTACATAACGCGCAATTTA 

ATTTAATGGCAAAAACACCGTATATCGCCCGTCATAAAGGGACGCCATTATTACAGC 

AGATAGATACGGCTTTAACCCTTCAACTGGATGCTCAGGGGCAAAAGCTACCCATTT 

CAGCCCAAAACCGGGTCTTGTTCCTCGGTGGGCATGATACCAATATTGCCAATATTG 

CGGGTATGCTGGGAGCCGACTGGCAGCTACCCGAGCAACCTGATAATACTCCACCA 

GGTGGGGGATTGGTTTTTGAACTATGGCAAAATCCGGATAACCACCAGCGCTACGTT 

GCGGTGAAGATGTTCTACCAAACGATGGATCAGTTGCGTAATGCCGAAAAATTGGA 

TCTGAAAAATAACCCAGCGGGTATTATTTCCGTTGCAGTTGCTGGTTGTGAAAATAA 

CGGTGACGATAAGCTTTGCGAGCTTGATACATTCCAAAAGAAAGTGGCTAAGGTAA 

TTGAACCTGCCTGCCACATCTAA 



FIGURE 5B NUCLEOTIDE SEQUENCE FOR CORRECTED Y. PESTIS BLAST 
PHYTASE (SEQ ID NO:2) 

MSVLENRVRLSGLVLMLSGLAAITAPVAAEPSGYTLERVVILSRHGVRSPTKQTQLMND 

VTPDKWPQWPVKAGYLTPRGAELVTLMGGFYGDYFRSLGLLAAGCPAEGGVYAQADI 

DQRTRLTGQAFLDGVAPGCGLTVHNQADLKKTDPLFHPVEXGVCKLXXAQTDKAIEEX 

LGGPLDTVSQRYAKPFAQMGDVLNFAASPYCKSLQQQGKTCDFAHFAANEVNVNKEG 

TKVTLSGPLALSSTLGEIFLLQNAQAMPEVAWQRLKGAENWVSLLSLHNAQFNLMAKT 

PYIARHKGTPLLQQIDTALTLQLDAQGQKLPISAQNRVLFLGGHDTNIANIAGMLGADW 

QLPEQPDNTPPGGGLVFELWQNPDNHQRYVAVKMFYQTMDQLRNAEKLDLKNNPAGn 

SVAVAGCENNGDDKLCELDTFQKKVAKVIEPACHI 
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FIGURE 5C NUCLEOTIDE SEQUENCE FOR CORRECTED Y. PESTIS PHYTASE 
(SEQ ID NO:3) 

ATGTCAGTATTAGAAAATCGTGTACGGCTATCTGGGCTGGTATTGATGCTAAGCGGA 

TTGGCTGCTATTACTGCGCCGGTAGCCGCCGAGCCATCGGGCTATACTTTAGAACGT 

GTGGTTATTTTGAGTCGCCATGGTGTTCGCTCGCCGACCAAACAAACGCAGCTTATG 

AATGATGTTACGCCAGATAAGTGGCCACAATGGCCGGTAAAAGCGGGGTATTTAAC 

GCCACGTGGTGCGGAGTTGGTCACATTGATGGGGGGGTTTTATGGTGATTACTTTCG 

CAGCCTTGGTTTGTTAGCGGCGGGATGTCCGGCAGAGGGGGGGGTATATGCACAGG 

CAGATATCGATCAACGTACCCGCTTAACCGGACAGGCATTTCTTGATGGTGTGGCTC 

CGGGGTGTGGTTTGACCGTGCATAATCAGGCCGATTTGAAAAAGACCGATCCCCTGT 

TCCATCCGGTAGAGACTGGCGTGTGTAAGTTAGACAACGCACAAACAGATAAAGCG 

ATTGAAGAACGATTGGGCGGGCCGTTAGATACGGTGAGCCAGCGCTACGCTAAACC 

TTTTGCCCAGATGGGGGACGTGCTGAATTTTGCGGCTTCTCCTTATTGCAAATCTTTG 

CAACAGCAAGGAAAAACGTGTGATTTTGCCCACTTTGCGGCCAATGAAGTTAACGTT 

AATAAAGAAGGGACAAAAGTGACCCTCAGTGGGCCACTGGCGTTATCATCGACATT 

GGGTGAAATCTTCTTATTACAAAACGCACAAGCCATGCCAGAGGTTGCCTGGCAAC 

GGCTAAAAGGGGCGGAGAATTGGGTATCCTTATTGTCATTACATAACGCGCAATTTA 

ATTTAATGGCAAAAACACCGTATATCGCCCGTCATAAAGGGACGCCATTATTACAGC 

AGATAGATACGGCTTTAACCCTTCAACTGGATGCTCAGGGGCAAAAGCTACCCATTT 

CAGCCCAAAACCGGGTCTTGTTCCTCGGTGGGCATGATACCAATATTGCCAATATTG 

CGGGTATGCTGGGAGCCGACTGGCAGCTACCCGAGCAACCTGATAATACTCCACCA 

GGTGGGGGATTGGTTTTTGAACTATGGCAAAATCCGGATAACCACCAGCGCTACGTT 

GCGGTGAAGATGTTCTACCAAACGATGGATCAGTTGCGTAATGCCGAAAAATTGGA 

TCTGAAAAATAACCCAGCGGGTATTATTTCCGTTGCAGTTGCTGGTTGTGAAAATAA 

CGGTGACGATAAGCTTTGCGAGCTTGATACATTCCAAAAGAAAGTGGCTAAGGTAA 

TTGAACCTGCCTGCCACATCTAA 
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FIGURE 5D: AMINO ACID SEQUENCE FOR CORRECTED Y. PESTIS PHYTASE 
(SEQ ID NO:4) 

Met Ser Val Leu Glu Asn Arg Val Arg Leu Ser Gly Leu Val Leu Met Leu Ser Gly Leu Ala Ala 
He Thr Ala Pro Val Ala Ala Glu Pro Ser Gly Tyr Thr Leu Glu Arg Val Val He Leu Ser Arg His 
Gly Val Arg Ser Pro Thr Lys Gin Thr Gin Leu Met Asn Asp Val Thr Pro Asp Lys Trp Pro Gin 
Trp Pro Val Lys Ala Gly Tyr Leu Thr Pro Arg Gly Ala Glu Leu Val Thr Leu Met Gly Gly Phe 
Tyr Gly Asp Tyr Phe Arg Ser Leu Gly Leu Leu Ala Ala Gly Cys Pro Ala Glu Gly Gly Val Tyr 
Ala Gin Ala Asp He Asp Gin Arg Thr Arg Leu Thr Gly Gin Ala Phe Leu Asp Gly Val Ala Pro 
Gly Cys Gly Leu Thr Val His Asn Gin Ala Asp Leu Lys Lys Thr Asp Pro Leu Phe His Pro Val 
Glu Thr Gly Val Cys Lys Leu Asp Asn Ala Gin Thr Asp Lys Ala He Glu Glu Arg Leu Gly Gly 
Pro Leu Asp Thr Val Ser Gin Arg Tyr Ala Lys Pro Phe Ala Gin Met Gly Asp Val Leu Asn Phe 
Ala Ala Ser Pro Tyr Cys Lys Ser Leu Gin Gin Gin Gly Lys Thr Cys Asp Phe Ala His Phe Ala 
Ala Asn Glu Val Asn Val Asn Lys Glu Gly Thr Lys Val Thr Leu Ser Gly Pro Leu Ala Leu Ser 
Ser Thr Leu Gly Glu He Phe Leu Leu Gin Asn Ala Gin Ala Met Pro Glu Val Ala Trp Gin Arg 
Leu Lys Gly Ala Glu Asn Trp Val Ser Leu Leu Ser Leu His Asn Ala Gin Phe Asn Leu Met Ala 
Lys Thr Pro Tyr He Ala Arg His Lys Gly Thr Pro Leu Leu Gin Gin He Asp Thr Ala Leu Thr Leu 
Gin Leu Asp Ala Gin Gly Gin Lys Leu Pro He Ser Ala Gin Asn Arg Val Leu Phe Leu Gly Gly 
His Asp Thr Asn He Ala Asn He Ala Gly Met Leu Gly Ala Asp Trp Gin Leu Pro Glu Gin Pro 
Asp Asn Thr Pro Pro Gly Gly Gly Leu Val Phe Glu Leu Trp Gin Asn Pro Asp Asn His Gin Arg 
Tyr Val Ala Val Lys Met Phe Tyr Gin Thr Met Asp Gin Leu Arg Asn Ala Glu Lys Leu Asp Leu 
Lys Asn Asn Pro Ala Gly He He Ser Val Ala Val Ala Gly Cys Glu Asn Asn Gly Asp Asp Lys 
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FIGURE 5E: NUCLEOTIDE SEQUENCE FOR 953-6 (SEQ ID NO: 5) 

ATGATCGATAAATTTATTCCACAAGGGAGAGAGTCCGTGAAGCATAGCCTGCTTTTG 

TCCGCCGCGCTGCTGGCGGGATGCGCCGCGTCCGCGCCCGGCGCCGACGCATCGCCT 

GCCGCGCCGGGGTCGCTAAAGCTCGAAAAGGTCGTGATGCTGATGCGCCACGGCGT 

TCGCCCGCCAACCAAGGCGGCGGTGGTGCCGCCCGGTTATTCGGCCGAAACATGGC 

CCGACTGGCCGGTCGATTTCGGCCTGCTGACGCCGCACGGCGCGGCGGGGGTCAAG 

CTGCTCGGCGAAAGCGACCGCCTCACTTTCGGCGGTCGCGGCCTATTCCCGGACGGT 

TGTCCCGCCGCGGGCACGATCGTCCTCAAGGCAAGCTACAAGGAGCGCACGATCGC 

GACCGCGCAGAACTGGGCCGCGGGGTTCATGCCCGGCTGCACGGCGGATGTCGCGC 

ATCCCGCCGGTCCGGACGATGACGCGATCTTTCATGGGCTCGACGGCGGCCCCGCCT 

CGTTCGACGGCAAGCGGGCATTCGATGCCGCGCTCGCCCAGGCGCCCGAGGGCGGG 

CTGACCGCCGAAACCGCACGCCATCGCGGCGAACTGACCTTGCTCGCGAAAGTGCT 

GAATTGTGCGCTGCCCGCCTGCCCGCTGATCGCCGAGCCGAGCCGACTGGTCGCGCA 

GCCGCACGATCGCCCCGATCTCGAAGGCCCGCTCGACGTCGGATCGACCGCGAGCC 

AGACGCTGGTGCTGGAATATCTGGAAGGCAAGCCGATGGCCGAGGTCGGCTGGGGC 

CGCGTAAGCCGCGCCGAGATCGAGCAGTTGCTGCGCTTTCATCCGCTCAAATTCCGC 

TATTCGAATCGCCCCGGCTATATCGCCGCCGCCGCCGCGGCGCCGATCGTGCGCGAA 

ATCGTTGCGGCGCTCGACAGCAACAGCCCGGCGCGGCTGACCTTGCTCGCCGGGCA 

CGACACGAACGTCGCCGACCTCGGCGGCTTCTTCGACCTGCACTGGCAGGTGCCGA 

GCTATCCCGCCGACGAGGTTCCGCCCGGCAGCGCGTTGGGGTTCGAGCTGGTCAGC 

AACGCGAAGGGCGACCGCTATGTCCGCGCCTTCTATCGCGCGCAGACGATGGACCA 

GCTCCGCAACCTCGAACCGCTGGGGTCGGGTGACGCGCTGTACCGCCGCTATCTTCC 

CATTCCGGGGTGCGGCCATTCGGTCGAGGCAACCGCGTGCAGCTGGAGTGATTTCGC 

CCGGCTCGCCGCGCCGCGCGGGTAA 
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FIGURE 5F: AMINO ACID SEQUENCE FOR 953-6 (SEQ ID NO:6) 

Met He Asp Lys Phe He Pro Gin Gly Arg Glu Ser Val Lys His Ser Leu Leu Leu Ser Ala Ala Leu 
Leu Ala Gly Cys Ala Ala Ser Ala Pro Gly Ala Asp Ala Ser Pro Ala Ala Pro Gly Ser Leu Lys 
Leu Glu Lys Val Val Met Leu Met Arg His Gly Val Arg Pro Pro Thr Lys Ala Ala Val Val Pro 
Pro Gly Tyr Ser Ala Glu Thr Tip Pro Asp Trp Pro Val Asp Phe Gly Leu Leu Thr Pro His Gly 
Ala Ala Gly Val Lys Leu Leu Gly Glu Ser Asp Arg Leu Thr Phe Gly Gly Arg Gly Leu Phe Pro 
Asp Gly Cys Pro Ala Ala Gly Thr He Val Leu Lys Ala Ser Tyr Lys Glu Arg Thr He Ala Thr Ala 
Gin Asn Trp Ala Ala Gly Phe Met Pro Gly Cys Thr Ala Asp Val Ala His Pro Ala Gly Pro Asp 
Asp Asp Ala He Phe His Gly Leu Asp Gly Gly Pro Ala Ser Phe Asp Gly Lys Arg Ala Phe Asp 
Ala Ala Leu Ala Gin Ala Pro Glu Gly Gly Leu Thr Ala Glu Thr Ala Arg His Arg Gly Glu Leu 
Thr Leu Leu Ala Lys Val Leu Asn Cys Ala Leu Pro Ala Cys Pro Leu He Ala Glu Pro Ser Arg 
Leu Val Ala Gin Pro His Asp Arg Pro Asp Leu Glu Gly Pro Leu Asp Val Gly Ser Thr Ala Ser 
Gin Thr Leu Val Leu Glu Tyr Leu Glu Gly Lys Pro Met Ala Glu Val Gly Trp Gly Arg Val Ser 
Arg Ala Glu He Glu Gin Leu Leu Arg Phe His Pro Leu Lys Phe Arg Tyr Ser Asn Arg Pro Gly 
Tyr He Ala Ala Ala Ala Ala Ala Pro lie Val Arg Glu He Val Ala Ala Leu Asp Ser Asn Ser Pro 
Ala Arg Leu Thr Leu Leu Ala Gly His Asp Thr Asn Val Ala Asp Leu Gly Gly Phe Phe Asp Leu 
His Trp Gin Val Pro Ser Tyr Pro Ala Asp Glu Val Pro Pro Gly Ser Ala Leu Gly Phe Glu Leu Val 
Ser Asn Ala Lys Gly Asp Arg Tyr Val Arg Ala Phe Tyr Arg Ala Gin Thr Met Asp Gin Leu Arg 
Asn Leu Glu Pro Leu Gly Ser Gly Asp Ala Leu Tyr Arg Arg Tyr Leu Pro He Pro Gly Cys Gly 
His Ser Val Glu Ala Thr Ala Cys Ser Trp Ser Asp Phe Ala Arg Leu Ala Ala Pro Arg Gly; 
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FIGURE 5G: NUCLEOTIDE SEQUENCE FOR RHIZOBIUM (SEQ ID NO: 7) 

GTGAAGCATAGCCTGCTTTTGCCTGCCGCGCTGCTGGCGGGATGCGCCGCGTCCGCG 

CCCGGAGCCGACGCATCGCCTGCCGCGCCGGGGTCGCTAAAGCTCGAAAAGGTCGT 

AATGCTGATGCGCCACGGCGTTCGCCCGCCAACCAAGGCGGCGGTGGTGCCGCCCG 

GTTATTCGGCCGAAACATGGCCCGACTGGCCGGTCGATTTCGGCCTGCTGACGCCGC 

ACGGCGCGGCGGGGGTCAAGCTTCTCGGCGAAAGCGACCGCCTCTATTTCGGCGGT 

CGCGGCCTGTTTCCCGAGGGATGCCCGGCGGCGGGCACGATCGTCCTCAAGGCGAG 

CTACAAGGAGCGCACGATCGCCACCGCGCAGAGCTGGGCCGCGGGGTTCATGCCCG 

GCTGCGCGACGGATGTCGCGCATCCCGCCGGTCCGGACGATGACGCGATCTTTCATG 

GGCTCGACGGCGGCCCCGCCTCGTTCGACGGCAAGCGGGCGTTCGATGCCGCGCTC 

GCCCAGGCGCCCGAGGGCGGGCTGACCGCCGAAACCGCACGTCATCGCGGCGAACT 

GACCTTGCTCGCGAAAGTGCTGAATTGCGCGCTGCCCGCCTGCCCGCTGATCGCCGA 

GCCGAGCCGGCTGGTCGCGCAGCCGCACGATCGCCCCGAGATCGAAGGCCCGCTCG 

ACGTCGGATCGACCGCCAGCCAGACGCTGGTGCTGGAATATCTGGAAGGCAAGCCG 

ATGGCCGAGGTCGGCTGGGGCCGCGTGAGCCGCGCCGAGATCGAGCAGTTGCTGCG 

CTTTCATCCGCTCAAATTCCGCTATTCGAATCGCCCCGGCTATATCGCCGCCACCGCC 

GCGGCGCCGATCGTGCGCGAAATCGTCACGGCGCTCGGCGACCGAAGCCCGGCGCG 

GCTGACCTTGCTCGCCGGGCACGACACGAACGTCGCCGACCTCGGCGGCTTCTTCGA 

CCTGCACTGGCAGGTGCCGAGTTATCCCGCCGACGAGGTTCCGCCCGGCAGCGCACT 

GGGGTTTGAACTGGTCAGCAATGCGAAGGGCGACCGCTATGTCCGCGCCTTCTATCG 

CGGGCAGACGATGGACCAGCTCCGCAACCTCGAACCGCTGAGGTCGGACGATACGC 

TGTTCCGCCGCTATCTTCCCATTCCGGGGTGCGGCAATTCGGTCGAGGCGACCGCCT 

GCGCCTGGAGTGATTTCGCCCGGCTCGCCGCGCCGCGCGGGTAA 
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FIGURE 5H: AMINO ACID SEQUENCE FOR RHIZOBIUM (SEQ ID NO:8) 
Val Lys His Ser Leu Leu Leu Pro Ala Ala Leu Leu Ala Gly Cys Ala Ala Ser Ala Pro Gly Ala 
Asp Ala Ser Pro Ala Ala Pro Gly Ser Leu Lys Leu Glu Lys Val Val Met Leu Met Arg His Gly 
Val Arg Pro Pro Thr Lys Ala Ala Val Val Pro Pro Gly Tyr Ser Ala Glu Thr Trp Pro Asp Tip Pro 
Val Asp Phe Gly Leu Leu Thr Pro His Gly Ala Ala Gly Val Lys Leu Leu Gly Glu Ser Asp Arg 
Leu Tyr Phe Gly Gly Arg Gly Leu Phe Pro Glu Gly Cys Pro Ala Ala Gly Thr lie Val Leu Lys 
Ala Ser Tyr Lys Glu Arg Thr He Ala Thr Ala Gin Ser Trp Ala Ala Gly Phe Met Pro Gly Cys Ala 
Thr Asp Val Ala His Pro Ala Gly Pro Asp Asp Asp Ala He Phe His Gly Leu Asp Gly Gly Pro 
Ala Ser Phe Asp Gly Lys Arg Ala Phe Asp Ala Ala Leu Ala Gin Ala Pro Glu Gly Gly Leu Thr 
Ala Glu Thr Ala Arg His Arg Gly Glu Leu Thr Leu Leu Ala Lys Val Leu Asn Cys Ala Leu Pro 
Ala Cys Pro Leu He Ala Glu Pro Ser Arg Leu Val Ala Gin Pro His Asp Arg Pro Glu He Glu Gly 
Pro Leu Asp Val Gly Ser Thr Ala Ser Gin Thr Leu Val Leu Glu Tyr Leu Glu Gly Lys Pro Met 
Ala Glu Val Gly Trp Gly Arg Val Ser Arg Ala Glu He Glu Gin Leu Leu Arg Phe His Pro Leu 
Lys Phe Arg Tyr Ser Asn Arg Pro Gly Tyr He Ala Ala Thr Ala Ala Ala Pro He Val Arg Glu He 
Val Thr Ala Leu Gly Asp Arg Ser Pro Ala Arg Leu Thr Leu Leu Ala Gly His Asp Thr Asn Val 
Ala Asp Leu Gly Gly Phe Phe Asp Leu His Trp Gin Val Pro Ser Tyr Pro Ala Asp Glu Val Pro 
Pro Gly Ser Ala Leu Gly Phe Glu Leu Val Ser Asn Ala Lys Gly Asp Arg Tyr Val Arg Ala Phe 
Tyr Arg Gly Gin Thr Met Asp Gin Leu Arg Asn Leu Glu Pro Leu Arg Ser Asp Asp Thr Leu Phe 
Arg Arg Tyr Leu Pro lie Pro Gly Cys Gly Asn Ser Val Glu Ala Thr Ala Cys Ala Trp Ser Asp 
Phe Ala Arg Leu Ala Ala Pro Arg Gly; 
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FIGURE 51: NUCLEOTIDE SEQUENCE FOR 954-2 (SEQ ID NO:9) 

ATGAAGAAGACGATATGGAGGAGAGTTGGACAGCGATGGCGAAGGGGTGCGTGTG 

CCGCAACGGTATTGCTTTCGGCATGCTCAACGCAACTGCCGGGCGTGCCTGCAACGC 

TGTCGGCCGCGGGTAGCGAGCCGCCCCGGAAGGCCGCGGCAACAGATGGCATGCCG 

CAAGACTGGTCGCTCGACGCGTTGGTCATCGTCAGCCGGCACGGCGTGCGGTCTCCG 

ACGCGTCCGGAGCCGCCGCTGGAGAGCCTCAGCCCCGATCCGTGGCCCCAGTGGCC 

CGTGCCGACTGCCCACCTGACCGATCGTGGCGCGGCGCTCGTCTCGCAGATGGGGC 

GGTACTACGGTGATTGGCTTCGTGCCCGGGGTGTGCTGCCGGCCAGCGGGTGCCCTG 

CGACCGGAACGCTTTACGGATGGGCAGACGTTGACCAGCGGACCCGTCTGACGGGC 

GACGCCCTGCTCCTCGGCATGGCGCCAGGCTGCGGTATCCACAGCGATCATCGCGCG 

GCGCTCGACGAGAAGGATCCGATCTTCCACGCGATGGAATCGGGTGCATGCCCAGT 

CGACCCCGTACAGGCGAAGCGCGACATCGAAGCGCATGCCGGCGAGGGCGGCGTG 

GCGACACTGGGAAGGCGCTACGCAGCAAGCCTGACCAGAATGAGCGAGGTGCTCGA 

CTACGCCCATAGCGCCGATTGCGCGAGGCATGGCGGCCAATGCGACTATGCGCGCC 

AACCCAATCGTGTCGAGATCAGACCAGATGGCCTTCATGCCGCGTTGAAGGGCCCG 

ATGGGCAGTGCTTCGACCGTCTCCGAGGTCTTCCTGCTCGAACATGGGCAGGGCCTG 

CCACAGGAGCAGGTTGCATGGGGCCGTATCCACGATGCGCAGGACTGGACGCTGCT 

GATGCAGGCGCATAACGCGCAGTTCGATCTGATGGCGAAGACGCCTTACATGGCTA 

CTCGAAGGGGCACGCCGATGCTCGCTTCGGTGCTCGATGCGCTTGAGCGGCGCGCTG 

GCGCCCCAGCTCCGGAGCTTGCCGTCAAAGGCCCGAAGCTGCCCCAAGGCAACCGT 

GTCTATGTGCTGACCGCGCATGACACGAATCTTGCACACTTGGCCGGCTTGCTGCAC 

TTGGACTGGACCCTGCCCGAGCAACCGGACGACACGCCGCCGGGCGGTGCAATGGT 

GTTCTCCTTGTGGCGGGAGCCTGGCACGCAGGCACGTTTCGTTCGCGTGGAGATGGT 

CTATCAGTCGATGGATCAGCTTCGGCAGCTCACGCCGCTCTCCCTGGCGCAGCCGCC 

CCATCGCCTGATCTTGCCGTTGCCCGGCTGTGCCGACGCGGCGCACGGACATGCATG 

CAGCCTGCCGGAGTTCAGCCGGCGTGTGCGCGCGGCATTGTCCCCCTCCTGCCTGGA 

GGCTGTGACCGCGGCGCACTAG 



BOSTON 1314533vl 



8/10 



i i <; i i 

i i k i i 

co co Ph i O 

(_D O CM W CO 

:nr'ru - ^Li'T^"ffi] cm 

CM CM ^ 
[c75'C0""S"7^; > < 
<T"<T"rt:"I^, CM f< 

CM CM i< CM CM 

<; <; cm e-» < <j 



■ <! <j"PJ i— i : co - ^ 
<! < < pmsc2> <; 

p^ 

> > 

CO 

2 




cn: 



g pm jH Oj 

Pm rff <T CM PL, Cm CM 
CO CO OOTEh "Eh"; 00 



CM CM pq O 




> CML«-^ 

- "cu ca 

W Eh 
CM <: 

^ C^ ^ 

CM Em CM 
"Cm ; co 



IZJiCM 

O Tm 



M« pd: p^ p^ 
o;> > > 



h-H* H- I 



Eh 

O <3 
W « 
'FOE-h 

Cm: cm 

CO; O0 

eh:qS 

>i> 

PC 1 • — i — ■ 

S CO co 



> 

CD 
PC 



LO 



I — I I — I Ph Ph Ph Oh 

: pcj (y; pm pm|p^ 

^ ^ Q Q Q Q 

L%^rrQi^s ' — ' 

ffr 'Cm""Cm"Cm ! CM 

:o o u o oio 
"r"T"CT"C!J"r 

O O co ^ O O 
Q W < ^ 
p^ cn cl, <; 



ti [jq J (J| ^ 

oc o o oc 

Q Q >h Q >h 
CO CO[£T* """" 




O OOK Ph Pn 

o <; < <3:"G23pq f< 
^ ^ pq'^T W i-h" 
rfj <tl I — it — ii — i i — i 

<j <; q <; <; <l 

Q P P ^ Q 
Pm ^ ^ Eh Q 

O O Cm S Z 

co co tu'OJ'K" 

< <c o o o o 

CM CM r< > > 
CT"C^ CO Eh Eh ! Eh 

[12J"W Sjcm'tc-o 

BEJ"Ef["^ 2. DC PC 
! ££7 ^£4 p£j Tu \ Pm 
■iH'M'hHii-q K-q!»-H 

<; <C CmTLTTm Cm 

ch:s::S)co » q 

I I Q CO 

L< < < ^ ^3 < 

HI DC! D1 Eh ^ PC 

<; rfj q pc 
> > co > > > 

Q Q DC h h 

EHjrtT o <! O: <C 



„ r _ „ „ „, „ _ L !th wif^!^" <; 
^Ll^:^:.n".'H".lE5EH rn o""C5> Q woo 




T— 1 


x—\ v — 1 \ — 1 


x— 1 rH 




CN] 


x— 1 00 


t— 1 


^ H O 


<vO 1— 1 


LO 00 \ — 1 


O LO 


T 1 










00 


LO CN 


OO LO 


00 0 


r- 0 


OO CN LO 


CN CM 


LO 


















rH 


i — 1 x — 1 * — 1 


1 t— 1 


T 1 




S <^J <! 


>H CO 






csj <C 


>H CO 


^0 s CM <C 


>H CO 


S CM 


>H 


CO 


1 


D 1 CM 


W D 


1 




1 CM 




1 D I P-i 


W D 


1 P> 1 


<C PQ 






m ^ cm 


P^ CO 


00 


1— 1 




P^ CO 


00 i — 1 ^ cm 


P^ co 


OO H ^ 


CM OC 


CO 


LO 


PQ lo <3 




LO 


PQ 


lo <; 


Ph ^ 


LO PQ LO l< 




LO PQ LO 


CM Pm 






O 


csj pq 


as 


O 


cn 


cn W 


cn 0 


CM W 


cn 0 cn 


i< CM 


pq 




1^ 


<; co 




D<] 




<! co 




< CO 


IS] 


< 


CO 




1— 1 






1 — 1 




1 ' S 


1— 1 


M S 


1— 1 








PC 


s 0 




PC 




^ O 


PC 


£3 O 


DC 




O 




c* 


M CJ 




& 




M CJ 


PC 


1 — 1 0 


& 


1— 1 


O 






CO 








CO 




CO 




CO 








Ph 








P^ 




PS 




C^ 
















PJ 




W 




PQ 
















>H 




>H 




>H 





9/10 



o > 

CM I 
I 

I 
I 
I 
I 
I 



> Z co Z 

Cm Cm kC 

I O ^ <! 

I I <J pM 

CO rcffS EH : rfj; < 

I Q CO Q 

I O O O O 

I O CO Eh 



I I 
I I 



O CD 
O O 
CM O W O 
W O W O W 
Pm" 



I I I 

CM 
W 

<: 



Cm 
O 

Cm 

<! 
O 



Eh 



I — I Pi 

hH 1 l< 



^ CO 




"E=r 

Eh 



h pq 

O CM 

CM f< 



Cm O O O O 
O Q hh" >h 

< <: Z CM <J 

CM CO CO CO CO 

<; < i< 

0[T>h"T^"Pm| Pm 

j?^q::^:^z 

j ,_t k-T: i-q 

> > > Pm!> 

Eh Eh Pi i< Eh 

^ Pm Dm ,-q 

CO <C CM 

CD" rfTi Eh ^ O 

.pj na p^T c^; 
pq l-q Pm > 

<C Eh Q Eh 

<; <; q 
CJ2 O o'co CM CD 

" w f4 i i w 

CM o o cd o 
<c <; <c i-q <1 



|"a« O Z pq 

i i n q err 
:ot-to-« :"Eh- l ^ go 

i> £> F-T I I nTi I — I 
^ Pi Pilp^ 
L CT"©"Wtr"0» CD 

> >->-'cm->-> 

pq pq O W Pq pq 

<J <1 pq CM CM 

S S O S S S 

Cm Cm Cm I I Cm 

« « hH I . I , 

0 C_D O 0:<:0 
W pq O O oro 

:^ >i mrorz^ 
-jsr-pLVPT a O pq 

"h^T C3 Pm Pm Pm Pm 
Eh Eh TS> '^T'EH; M 
CM a cETErCZT W 
CO CO COjFH; O CO 

EH Eh'P'S'FT'Eh 
fW" W" WtTTOTj CO 

pm cm Cm *tfCM P^ 

^Q"pJ"'^'Fh"c75" ^ 

H^LR"!^ ^ ^ ^ 
Q u <; CO Ei 

L&'phJ s zi§jp^ 

tfc r i S q ^ 
|cg::&:gio 

1 Cm 



I 
I 
I 

Q 



H CM CM " 

cm <: 




o 

LO 
CO 




St-&"Pm 

i-q >h ^ 
w < w 
cm o o 
i o 
Sjoj p^ 
Sr<; < 

CM Q CM 
CM vA CO 



CO Q Pi CM J 
"hH"hH;J>; I — II — I I — I 

W W ci] i-q Oi 

I — I 

Cu PM CM CM* CM 
S"Eh"Eh"Eh' Eh 

Eh pq CO SJ 



O CD CM CM Cm CM 

CM Cm Eh Fh Eh 

"co "cof 

>H >H 

^ ^ o o o o 

^ ,_q <C <C <; 

Pi pc^ O co co 

^H O O J Eh CO 

OH WE^> 

on h h ^ ^ ^ 




h-q 



o^""E"TiJ""ti3""pMj Pm 

»-q ^q["S: i~q ^ ^ 

co co O CD CD O 
I CJ-^'CT-CJ-OT CD 
! Pm Pm P^M i Pm 

! PM CM O-i PM PU J CM 
>"^"GH"fH"fH J FH 

fPLTTLT-Q\Z Z pq 

ra"CM"m-TO-TOj CM 
^">H"or-or-cy a 

co co pq CD pq 

i> j>:-CT"CTT-f »-q 

OT Of HBOO 

i-q J ^ ^ < ^q 

% i-q »-q ^q i-q 
Pm Pm i-h" <C S 
rCD"0"CD'TD"CD1 CD 

,_q ,_q '^'Hq^j ^q 
oo q a z z^ 
f <r "<r "<r "^n <; 

oiz z z z ziz 

EH! Eh Eh Eh Eh Eh'H 
CDjQ Q Q Q Q! Q 

Pi^)-<^)-i<;rcr"c^cD 

[_q ,_q > : Pm Pm i-q 
^h _ Th"^ 



.... 



LO 

on 



p^ 
Z 
CD 

o 

PM 

»-q 

CM 

o 



j-q 
> 

CO 
EH 



^q 
> 
pi 
z 



> 



Cm 

hH" 
Eh 



co 



ex] v— i o lo rH lo oo r h ooomocm r- 1 ^CNr-^rcNrH 

oor-or-r-o cm h ^ h m mo cri o Ho^dc^m 

^ — I \ — I C\J t—\ \ — i Cs] CMCMCNCNCMCM CM OJ CN CM CNJ OO d CO CO CO CO <T) 





S CM 






CO 




S CN 


< 




CO 




S CN 


< 


>H 


CO 




S CM 


< 


>H CO 


1 


13 1 


CM 


pq 


D 


I 


O 1 


PM 


pq 


D 


1 


D I 




W 


D 


1 


r=5 i 


cm 


pq O 


00 


1 — 1 ^ 


CM 


Pi 


CO 


00 


i — i 


PM 


& 


CO 


OO 


i — i 


pm p^; 


CO 


OO 


1 — 1 "vT 


CM 


Pi co 


LO 


pq lo 


< 


Pm 


Z 


LO 


PQ lo 




Pm 


Z 


LO 


pq LO 




Pm 


Z 


LO 


PQ lo 




Pm Z 




O cr> 






W 


ON 


O on 




CN 


pq 


ON 


O cr> 




CNJ 


pq 


ON 


O ON 




cm pq 




csa 
i — i 




< 

M 


NS 




h- 1 




kC 

hH 


NS 




i>q 
i — i 




KC 
1 — 1 


NS 




CNl 
1 — 1 




<! co 

M Z 








z 


o 








z 


o 




PC 




Z 


o 




n: 




Z O 




Pi 




YERSI 


o 




Pi 




YERSI 


CJ 








YERSI 


o 




Pi 




l — l o 

CO 

PC 
pq 



10/10 




CNJ 

oo 



Eh 
> 
< 

W ^ 

o o 

El, fXi Cu PM 



o 




1-^ 

www 



j w pl, w Cli w"i w 

£h H K_ O ^ 

lo.> > ^ o 
^L^-^.eS! ^ w 



o 

CO 

CD 
u_ 



ST (N OO H 

m ^j 1 c?i m o 
00 00 00 00 00 ^ 



CM O LO r- rH 

o o ^— 1 lo 

00 ^ 



^) 2 (N <1 ^ 

I D I PM W 

OO I — I "sj 1 P-l PCJ 

lo pq lo < w 



M 



CO 
CO 

w 



< CO 

M ^ 

^ o 

M O 
CO 

w 



OO l-H 



CM W 



S CN] 

n 1 

PM 

LO PQ lO <£ Pm 
cri O 

IS] 
l-H 



CO 
CO 
CNJ W 

<C co 

o 
o 



CO 

w 




00 



Digestion 


1 


CO 


o 


CM 












Pepsi 




















of Phytase 


Host 


E. Coli 


Pichia 


Cerevisae 










CO 



CD 



o 

H 
W 

o 
o 

PS 

Eh 

w 
o 

ft 



p 
ft 

I' 

a 
mh 
o< 

S3 

Eh 
ft 



O 
X 

Pi 

> 

H 



oil 

en 

P 

o< 
HI 



o 
P 

CM 



Cm 
< 

o 

Eh 

Eh 

Pi 

w 
p 

g 

< 

H 
I— I 

$ 

o 
o 

CO 

O* 
CJ 

o 
o 
MH 
Ph 




HH 


rn 


L 1 

r 1 






1 1 


1 — 1 


M-I 






r \ 
\-J 


MH 


i — i 






i — 1 


I 1 

1 1 




. ~l 

M-I 




<-\ 


Mh 


rn 


r. 
tn 




ro 
UJ 










V— ^ 




Pi , 

h-H 


l-M 




MM 




l — 1 


»\ 




Cm 


a. 


Eh 


MH 






w 


> 


CO 




1 1 


n . 

MM 


rh 




. ~| 
i — i 






Sh 




rn 


mm 


O 




| | 


r ) 


M-I 










I — 1 




V 




l-H 


IY1 
M-l 








1 | 

1 1 


MM 




n i 

l-H 




Mh 


Pr. 
I-M 


i — i 




Mm 




< 


m3 


EC 


CO 


MM 


Eh 


mh 


Ph 


MH 


S 


u< 


i i 

M 


tH 


M-i 






Prl 
M-I 


i — I 


MM 


j | 

I 1 




p_j 
L* 








rh 


1— 1 


ST 1 ! 


Mh 


MM 


L 1 






l-M 


Tt. 
MM 


I-M 


rn 


i 1 

I 1 


l-M 


rn 


! — 1 




i — i 








1— 1 


1— 1 


, ~1 
i — i 


1 1 


M 


CO 


MH 


MM 


CO 


CO 


> 


MH 


o 


o 


rh 




n i 


rn 




r n 


r n 


C_j 


Qj 

i— H 






C_i 
L 1 




n ■ 

l-M 




s 

M-i 


1 — 1 


S 

M-i 


P_| 
l_ 1 




M-i 


rn 


rn 

-I 






1 — 1 




rV 
Mh 


I — i 




i i 


r \ 




n ■ 

l-M 


MM 


<<* 


r-> 
1 — 1 


\^ 


> — ^ 


MM 


a 


«< 


W 


O 


o 


Eh 


CO 


Cm 


Ph 


o 






Eh 


MH 


r< 






Pm 




MM 


i 


M-I 


o 




Eh 




w 




Mh' 


MH 


Q 


CO 


MH 




Mh 




Cm 


P 


MH 


> 






Pm 


MH 


MM 


O 


< 


a 


< 


O 










Ph 


§ 


Eh 




o 


P^ 






MH 


MH 


Eh 




CO 


MM 








o 


CO 




MH 


P-i 


CO 


MH 


MH 


CO 




w 




S 


MM 


Ph 


Q 


Eh 


Eh 


Ph 


mm 


o* 




P 


Eh 


Cm 


MH 




MH 


MM 


Q 




O 




P 


Ph 


Ph 






Ph 



FIG. 10 



Pichia 



1 



• Without treatment 

• O-glycosidase 

• Endo H 



v. 



S. Cerevisae 



\ 



4. Without treatment 

5. O-glycosidase 

6. Endo H 



FIG. 11 





Pichia 


S. Cerevisiae 


O-glycosilation 


no 


no 


N-glycosilation 


yes 


yes 


N-glycosilated form 


1 dominates 


2 



FIG. 12A 



Denaturation 


, reduction, and alkylation j 






V 


MS analysis 




Deglycosilation by Endo-H 






V 






MS analysis | 



FIG. 12B 



Denaturation, reduction, and alkylation 



Proteolysis Pepsin 



Con A column separation 



Non-glycosilated peptides 



Glycosilated peptides 



Deglycosilation by Endo-H 



Peptide mapping by MS 



Peptide mapping by MS 



SEP T i6 2002 w] 



.1, 0 i.3 if '7 c; !'S . ti ! 9 jl nib O S 



< 
CO 



CD 



Ph 


CO 


^: 


CO 


l-H 


S 




o 


CO 


p 


P 


Ph 


O* 






Eh 


o 


Eh 


P 


o 










l-H 


> 






< 






Pd 


CO 


Eh 




1— j 


O* 


CO 




Eh 


o 






Eh 


o* 




a, 


Ph 




pq 




Oi 


o 


P 


> 




O 






Cm 


Eh 






O 


r, 


Jz; 


Ph 


> 


CO 






I— 1 




Ph 




> 


hq 


P-i 


< 


> 






o* 


CO 


Eh 


cj 


Pd 






1 — 1 


CJ 




Q 


pq 


O 


o* 




<: 


pq 


PL, 


P 


<; 




o 


PL, 


o 


<C 


pq 


o* 


o 


CO 


l-H 






Ph* 




PL, 




Ph 




O 


En 




PL, 


Q 


<: 




<: 


<: 


l_q 


P£ 


CO 


pq 


P-i 




Eh 




PL) 


P 






Pm 


o 


1 — 1 


Eh 


Ph 


> 


Eh 


<c 


>^ 


w 


i-3 




h- 1 




w 


pa 


Eh 






o 




o 


o 


,-H 


Eh 


pc; 


Eh 




Eh 


Eh 






pq 


Ph 


P 




Ph 


CO 


M 1 








Pd 


Q 


< 


i — 3 


> 


<: 




E-» 


< 


p 


o 


^q 


hq 


> 


ph 


1 — I 


CO 




Ph 


CO 


Q 


pq 


CO 


> 


,_q 




O 


O* 


P 


O 


< 


PL, 


O 




a 




S2 


o 


Eh 


PL, 


o 


p 


1 




Eh 




PL, 


o 


O 








3 


Eh 


< 




I— i 


pq 


CO 


CO 


!3 






I — I 


P 


> 


Ph 


P 








1— 1 


CJ 




PL, 


pq 


Eh 




<: 


P 




O 


pq 




O* 


P 


*C 


pq 


o 


O 


< 


o 


Eh 


CO 


PL| 


Ph 






CO 




> 


Eh 


hq 


< 




o* 


i 






Eh 


hq 


o 








O* 




Eh 


Ph 1 


o 




W 


i-q 




hq 


Pd 


o 




CO 


P 






CO 


o 


• P 


PL, 


Q 


pq 


> 


> 


^ 


o 




Ph 




pq 


1 — 1 


P-I 


o 


<; 


O 


< 


O 




P 


> 


o 




O 


PL, 






o 


Eh 


g 


O 


PL, 


CO 


o 


Eh 


P 




hq 


Eh 


pq 


P 




CO 


i 1 










h— 1 


o 


GO 




hq 




n 


Ph 


CO 


P 


l-H 


CO 


P 




a 


pq 


P 




hq 


pq 




Ph 


P 


Eh 


Eh 


PL- 


P-. 






O 




P 


Eh 


W 




a. 


^ 




Ph 




CO 




P 


pq 


O 




P 






PL, 


Ph 


PC 


<; 


Ph 



CD 

CO 



CD 



T 4 

t-H 


CO 




CO 


1 — 1 


<H 






CO 


1 1 


h-H 








1 — 1 


Ph 


V / 


Ph 


1 — 1 








i — i 


1 — 1 


| 1 




1— 1 




s 






l-H 


CO 


tH 




1 — 1 


Of 


CO 


CO 


Ph 






1 1 


Ph 

j- ; 






Ph 


r_ 




r-ri 

l-H 




PL| 




. ~l 

h-H 


\> 




O 


> 


Pm 


Ph 


Eh 


P 




O 


Eh 




pq 


> 


CO 




h-H 


1 — I 


p 


Ph 


CO 


h> 


i — i 


PL| 










CJ* 
1 — 1 


rn 


Eh 




& 


o 


< 


O 


. ~i 
i — i 


1 — i 


Vrl 
M— 1 








<r* 
f^t 


pq 


P_i 


,_q 


i<! 


H-H 


o* 


h-H 


CO 




pq 


rv 


Of 


T f\ 


1 1 

1 I 


h-H 


1 1 


h-H 




Ph 


>9 


(V 

h-H 


KA 
l—H 


CO 


Ph 


p 


PL) 


1 — 1 








< 


p 




CO 


pq 


Ph 


«< 


Eh 


Ph 


Ph 


p 






fx, 

hH 




1 — 1 


Ph 


Mh 




Ph 






r-ri 

hH 


. ~1 
1 1 


Ph 


! — 1 


Ph 


pq 


hr! 

HH 


Ph 


^■s 


»^ 


O/ 

c_^< 




CO 


CO 


h-H 


pH 


S 

h-H 


trH 




Ph 


Ph 


r=H 


h-H 


M-l 


Mh 


p 

h-H 


KM 


Ph 


CO 


|—| 


Mh 


r o 


PLt 


h-H 


h-H 












pH 






Q 


h-H 


h-H 




Ph 


M 


CO 


P 


W 


CO 


P 


pq 


CO 


> 


P 


o 


o 






CO 




PLj 


rh 

w 


•51 


^H 




CO 


CO 


Ph 


n . 

h-H 


rh 

w 


J 
1 1 


1 — 1 


<^ 


Ph 

L 1 


<f 


n i 

h-H 


rv 
CJ* 






s 

h-H 


l — l 


s 

h-H 


Ph 
^h 




Ph 


1 — 1 


TtI 


CO 


CO 






1 — 1 


1 — 1 




h-H 


1 — 1 






<r! 


1 — 1 


r ) 


ret! 


h-H 


M-l 


Ph 




<r* 


l — l 


> 


w* 


rvi 

M-l 




o 


P 


< 


pq 


O 


0 




o 


Eh 


CO 


Ph 


Ph 


0 




CO 






Eh 


P 


<: 




Oi 


i 




Ph 


Eh 


p 




Ph 




p 






Eh 


EC 


O 




pq 


P 




P 


Ph* 


o 


P 


CO 


P 


P 




CO 


o 


P 


Ph 


P 


pq 


> 


> 




a 


p 


Ph 


P 


pq 


M 


Ph 


o 


< 


O 


< 


O 




l-H 




a 




O 


Ph 




p 




Eh 


S 


o 


PM 


CO 


o 


Eh 


P 


HH 


p 


Eh 




p 




CO 


P 






hq 




P 


u 


CO 




p 


h^H 


$ 


PL, 


CO 


p 


p 


CO 


hq 


p 


S 


pq 


p 


S3 


p 


pq 


Ph 


Ph 


P 


Eh 


Eh 


P-I 


Ph 


O 


P 


O 




p 


Eh 


pq 


Ph 


Ph 






hXj 




CO 




P 


pq 


O 


O 


P 


a 




Ph 


pr; 


Ph 




Ph 




.5? 



CD 
03 



LU "O 
. (1) 
03 

•— _tz 
u ~ 

5I.E . 

f- 03 CT. 
.E _C vD 

CD V£ 

iS u ^ 
o 

. CD ^ 

- o 

CD U (J 



O 

CO 

E 

.o 



o3 



03 



E 0 

CD CD g 

a] ■£ •- 

— O 03 



o3 



> 
CD 



M <D U r (^1 
^ ^ CD 

co.E 
.E "c -c 



o 5 



CD 

"en 

> 

CD 
i_ 

CD 
U 

CO 

■E CD 

CD 

to 

o3 
-i — ' 

>> 



CD 03 ' 

^ o ^ 
-§_^.E u 

,ZT-^~0 n3 
Q DJD c o3 q 
^ O ^ ^ C 

i= fc U ir^3 

i O (D 

03 tr> • • — 

- *~ o5 

CD CD "O 

— I— O 03 "±3 



